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(54) HYDROGEN STORAGE ALLOY, SECONDARY BATTERY, HYBRID VEHICLE. AND 
ELECTRIC VEHICLE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a hydrogen 

storage alloy capable of solving problems that hydrogen ' M& 

is hardly released because of high stability with 
hydrogen, and the alloy is easily corroded and oxidized 
by alkali aqueous solution such as alkali electrolyte, 
improving the cycle life characteristic for storing and 
releasing hydrogen, and increasing the discharging * 
capacity. y 
SOLUTION: This hydrogen storage alloy includes a 
phase having a composition satisfying (1) and (2): (R1-a- 
bLaaCeb)1 -cMgcNiZ-X-Y-a-pMnXAIYCooMp...(1 ) C=(- 
O.025/a)+Y._(2). 
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HUH (1) *jRfcoaH6tt36(««tffT*«*«a 
Ulvv*J:tf, (2) T;UAU«IB«©«J:3ft7;b* 

Wfi*#g] TEHftS (l) Rtf (2) £«J£t£ 
(R,_ a _ b La a Ce b ) ,_ c Mg c Ni z . x . Y _ „ _ 0 Mn x Al Y Co 0 H e 

- (1) 

C= (-0. 0 2 5/a) +y 
- (2) 
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im#m l ] Tf2-95^ ( l ) Rtf ( 2 ) fcrSSiTS 

(R 1 _ a _ b La a Ce b ) ^eMgeNiz^y. 
C=. (-0. 0 2 5/a) +y 
fit, WERtt* Y%^ty*±a7n3R&t;CaJ:*)*S 
Sfr5^«n*'>fc<J:MaS<079R (fit, La 
kCe*R<) T\ MfEMti, Fe, G a, Zn, S 
n, Cu, S i, B , T i> Zr, Nb, W> Mo, 
V, Cr, Ta, Li, P&fctf Sfr£ft«l¥ <fc DStf 
ft« 1«fiU:©7EtR-?fc!>, JIfflta, b, c, X, 
Y v a, /3, ZRtfyJi, 0<a^0. 4 5, O^b^ 
0. 2, 0. l^c^O. 24, O^X^O. 1, 0. 
02^Y^0. 2, O^a^O. 5, 0^|3^0. 1, 
3. 2SZ^3. 8, 0. 2^y^0. Z9tLTl8& 

H*#* 2 ] tfHEHfeK ( 1 ) fttf ( 2 ) *?&£-f 5 
^fcWI-Sffioeffittifiti, (CaCu 5 §J£ 

(R,_ a _ b La a Ce b ) ,_ c Mg c Ni z _ x _ Y _ 
C= (-0. 0 2 5/a) + y 
fib, HufERfct, Y**&*±a7aR&tfC a 
»51tf!?n§'>4< fct, l«g<E>7SR (fib, L a 
tC e$Mt<) T\ MfEMfi, Fe, Ga, Zn, S 
n, Cu, Si, B, Ti, Zr, Nb, W, Mo, 
V, Cr, Ta, Li, Pfcitf Sfr&ftSSJ: DStf 
n5 1 ffltU:©7££T?fc 9 , JS^ftta, b, c, X, 
Y, a, jS, ZRO'yli, 0<a^O. 45, O^b^ 
0. 2, 0. l^c<0. 24, 0^X<0. 1, 0. 
0 2 ^ Y^O. 2, O^a^O. 5, 0^)3^0. 1, 
3. 2^Z^3. 8, 0. 2^y^0. 29tLXM^. 

e ] Mte-fiss ( i ) rv ( 2 ) ^jis-r s 
[»**7] iwehrs (i) st>* (2) *»je-r* 

(R 1 . a _ 5 La a Ce 5 ) ,_ c Mg c Ni z . x . Y _ 
C= (-0. 0 2 5/a) +y 
fiU WERtt, Y%^tr«±a7aiSStfCaJ:0** 
Sfr6»R;*nS4>*< fct, ia^©7t^ (fiL, La 
tCe»<) T\ MfSMti, Fe, Ga, Zn, S 
n, Cu, Si-, B, Ti, Zr, Nb, W, Mo, 
V, Cr, Ta, Li, Pfe«fctf Sfr&ft*S«fc OUtf 
n§ l8tt±<Z>7E*T»* !K JS?Jta, b, c, X, 
Y, a, 0, ZRtfytt, 0<a^0. 4 5, O^b^ 
0. 2, 0. l^c^O. 24, 0^X<0. K 0. 

(R^a-^Ceb) ,- c MgcNi Z -x-Y- 
C= (-0. 0 2 5/a) +y 
fiU SfflERtt, Y*#ty«±«7CiR;RtfCaJ:t>fc* 
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-^MnxAlyCOaM^ - (1) 

- (2) 

3 ] «IE-«S ( 1 ) Stf ( 2 ) *»JE*S 
fifiK**-rSffi©»*«Jfi«, Ce 2 Ni 7 §i, Ce 2 N 
i 7 gfcSffil-f 5Jg£«ii, C e N i 3 §!Rtf C e N i 3 

imxm 4 ] flne-»£ ( i ) &tf ( 2 ) %»jei-* 
«M»£-f sif^s i ~ 3 vvfnfr i *E«o*3Riw* 

M£*irouKft&& tsb-irs (D&ff (2)«i 

_ /3 Mri x Al Y Co a M /3 ••• ( 1 ) 

- (2) 

iffifi)c**-r5*B^ B B B 1i3g«, Ce 2 Ni 7 I, C e 2 N 
i ^gffSlTSlSJl^, C e N i 3 §!Rtf C e N i 3 

(1) Rtf (2) *86S-r«ffli«*#-r*fflo1¥«EH:* 
fi, 7O%«±Tfc*cfc*ft*i:"$-*lll:0&S5~7^ 

TtB-flSsS (l) &tf (2) 



_ /3 Mn x Al Y Co a M /3 - (1) 

- (2) 

02^Y^0. 2, 0^a<0. 5, 0^/3^0. 1, 
3. 2^Z^3. 8, 0. 2^y^0. 2 9 tLTffifc 

[w*a i o] mmmmt Lx-mm^mLtcm 
mi-Ammit, mmt, te-irs (dm(2) 

_^Hn x Al Y Co a M /J - (1) 

- (2) 

»*»63HR*n5**<i:t,lfflB07aR (fit. La 



tC e£Mt<) T\ flfflEMtt, Fe, Ga> Z n, S 
n, Cu, Si, B, T i« Zr, Nb, W, Mo, 
V, Cr, Ta, Li, P&ZXJS <0Mtf 
n§ iaiX±<D7C^T-feO, Jg^Jta, b, c, X, 
Y, a, 0, Z&tfyfi, 0<a<0. 4 5, 0<b^ 
0. 2, 0. l^c<0. 24, 0<X<0. 1, 0. 
0 2 <Y^0. 2, O^a^O. 5, 0^/3^0. 1, 
3. 2^Z<3. 8, 0. 2^y^0. 2 9 tLTM^. 

[000 1] 
[0002] 

TV*, flttltttmfc LT0**fflHR£&<0fcffl#» 
ti, 7j<jgcDf?jSc • $li£, fM«x*;b 
#-©gfk »«, **Hffif*©*Ht, 7K 

[0003] wc, **%Rns»wfcf8« • ttmtsc t 

©/J^T\ e*fc#-*7;I/«?^©*Si:LTfflE 

a xf'i mttmnb pj nx & o , c cd * 3 * #- 2 7;m 
oflaasfc 0 < *&h#&*o s 

i-*c£#s*nTv*, 

[000 4] A B 5 S©tf ±S3MeSR!RlE-&&fcJ\ HT& 

s^fcfe, gift, wmmymmM^-kt Lr^m^a: 
ti, ans«<D8o%j^±tc^L/T^t), cno±oss 

[0 0 0 5] £C3T\ *±»-N ijR&BIHKfcfc* 
(£, Mat. Res. Bull., 11. (1976) 1 24 He 14, %±mfi 
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W±Sfcl|g©iI£WK: Lfc^fcov>T(i, WTtcKWI" 
* 2OcD£$acPwl7n£ftTV* 0 J. Less-Common Metal 
s. 73. (1980) 339{C(i, Sfij&bUa^xMgxNizT^Sft* 

cfctfB*Tfc*fcv?IBI»£*#r3o -£f, B*& 
Jl¥#^120@#^#Slimi, P. 289(1997), J. Al 
loys and Compounds, 257, (1997)115£f4, HfigMaMg 

2 n i 9 Tg ^ n 5 ykm^M^tm^ nT v * „ 

[0 0 0 6] £fc, WHJHS6 2-2 7 1 3 4 8^«K 
f4, Mm,_ x A x N i a C o b M c T-a^n^7K*®:ic-a-^ 

**tr**BaMStfiH*a:nTV3o -7?, ^p^b§6 

2-2 7 1 3 4 9#&$gfci4, L a ,_ X A X N i a C o b M 

ftTV*„ * #£¥7-5 6 8 0 35£fi, Mm 
N i X C 0 y M z TgfcSftS***lE'&&*a«i:l,fc 

[0 0 0 7] LfrL£tf5>, cn5*iR!Ri«*S*«* 

[0 0 0 8] ffc, HR&H!#5tfW0 9 7/0 3 2 1 
3^0S4»4MI*J:a*aWlF45«5. 8 4 0. 1 6 

6^tc(i, asasnqEHRS (i) T-asn, 

^^nTV^§ 0 C<7)7j<^iS-a-^^B B B Wi, LaN 
i 5 , oSt)CaCu 5 S*fflA>5>^§ 0 
[000 9] 

(R,_ X L X ) (Ni,_ y M y ) z ... (i) 

£<D(i)3ZlCl3^T. Rti, La, Ce, Pr, NdS 
fttti:tl60iS^7C«tSt. L(iCd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu, Y, S c, Mg, Ca 
l:fc{icne<Dg-&7C&&75-f. -73, MliCo, A 
1, Mn, Fe, Cu, Zr, Ti, Mo, S i , V, 
Cr, Nb, Hf, Ta. W, B, C SfcficnSOjg 
-g-7tJi£^To Sfc, Jl^Jtx, yMzli, 0. 0 5 
^x^0. 4, 0^y<0. 5, 3. 0^z<4. 5T* 

[0 0 10] C©*3RRR^fet4, HufB-SgS ( 1 ) t? 

L, ffll5iai!]i<!>¥^a*K*^3 0-1 50 /jhOD- 

7b±fc, ji^aso-s oot, i^aiiiai ooo~i 

0 0 0 O't/^Oftai&ftT', 0. 1~2. 0mm<r)j? 

L a N i 5 ^jiO^ B a B ^^C e 2 N i 7 IMSifiO&jl 
«[02«^6!8:»)» LaN i 5 S*ffl«iS3W»6nav^ 



COO 1 1] Lfrb&#e>, m&tfmi&Lft (i) ST- 
S£ft, W*®IMMIfl||Me*U fr^B«iBtfCaCu 

[0 0 12] Wfl 1-2983 2#&$gfc 

a, aawma (io fc^-r-^-ea^n, fr-o^ 

[00 13] 

(R, _ x A x ) 2 (Ni 7 . Y _ z _ „ _ 0 Mn Y Nb z B 0 C 0 ) n . . . (ii) 

fib, me (ii) tcfe^x, Rtti&dbSTeRSfcttsv 

S/a.**/!/ (Mm) , AtiMg, T i , Zr, T h, H 
f, S i 33£tfC a J;!)iIW£ftfc'>&< fct, 18, B 
ttA l*J:tfCuJ;0«R«nfc**<i:t) l«, Ctt 
Ga, Ge, In, Sn, Sb, Tl, PbfccfctfBi 

£mw.-znrcp%;<tt>imz7fitc x, y, 

Z, a, jSfe.tlfnJi, 0<X^0. 3, 0. 3^Y< 
1. 5, 0<Z^0. 3, O^a^l. 0, 0^0^ 
1. 0, 0. 9£n£l. l%7jito 
[0 0 14] C(D (ii) ?££ft3ffl£**f 
JSte&tfcl^Tfi, MnCJH^tfcWO. 2 7 1. 
6 5KTTWo 

[0 0 15] b7>b&#6, C©**K«^{i, 7K* 

(R 1 _ a _ 5 La a Ce b ) ,_ c Hg c Ni z _ x _ Y _ 

C= (-0. 0 2 5/a) + y 
fib, MfcRfci, Yfr$tJtt±m7T£RlfC a cfcDft* 
»^63»R«n*^*<4:fel«H07aR (fib, La 
fcCeSBO T\ itufcMfi, Fe, Ga, Z n, S 
n , C u , Si, B, Ti, Zr, Nb, W, Mo, 
V, Cr, Ta, Li, PfcitfS *»5ftS»«t DSfcf 
ft* iaW±©7C*T*fet), WfJta, b, c, X, 
Y, a, 0, Z&tfyii, 0<a^0. 45, O^b^ 
0. 2, 0. l^c^O. 24, O^X^O. 1, 0. 

(R,_ a _ b La a Ce b ) ,_ c Mg c Ni z _ x _ Y _ 

C = (-0. 0 2 5/a) + y 
fib, MtfiRii, Y *Strf&±£7BR&tf C a <£t>&* 
»*^6»R*n*^*< tfe l«S!<D7tH (fib, La 
hCe%i<) "P, ftflEMfci, Fe, Ga, Zn, S 
n, Cu, Si, B, Ti, Zr, Nb, W, Mo, 
V, Cr, Ta, Li, PfcitfSfrS&aSM: DSfcf 

n* i«w±©7aRT»*>, imta, b, c, x, 

Y, a, 0, Z&tfyM;, 0<a<0. 4 5, O^b^ 
0. 2, 0. l^c^O. 24, O^X^O. 1, 0. 
02<Y<0. 2, O^a^O. 5, 0^/3^0. 1, 

OWbUaCe,,) ,_ c Mg c Ni z _ x _ Y _ 
C= (-0. 0 2 5/a) + y 
fib, flWERtt, Y£#t?#±®7ClfiRtfC a 

»*^aiR«n* / >*< i whotcx (fib, La 

kCe*ft<)T, fiJIEMtt, Fe, Ga, Zn, S 
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[0 0 16] 

(i) **fc©$sttAWffT***»a 

biti/\ 43<fct>% (2) 7;l/#'J*!B»W)J:5*7;l<* 
ft, fro«M««**a3icsiH»£&i:, WS«T, 

[0017] tit, mft&mic%n%'^7 

[0 0 18] 

fc*©¥fi] 5**!8WS 
£12, TfS-flSS (1) fttf (2) *St£-r«lfti!t*^ 

[0 0 19] 

_ /J Mn x Al Y Co a M fl -(1) 

- (2) 

02^Y<0. 2, O^a^O. 5, 0^/?^0. 1, 
3. 2^Z<3. 8, 0. 2^y^0. 29£bTM£ 

[0020] *awtc««z^wi}t!itt, smts **« 

TEHRS (1) &tf (2) 

[00 2 1] 

_^Mn x Al Y Co a M j3 - (1) 

- (2) 

3. 2^Z<3. 8, 0. 2^y^0. 29tbTM£ 
[0 0 2 2] *«mc**/vf:7y y K#-t±, M^M 
bfc/W7'J>y Kfl-fcfcl^T, tfJET^WKfitt, iEffi 

fc, te-irs (i) &tf (2) *»s-r*aa*#t 

[0 0 2 3] 

_ j3 Mn x Al Y Co a M /3 - (1) 

- (2) 

n, Cu, Si, B, Ti, Zr, Nb, W, Mo, 
V, Cr, Ta, Li, Pfcjtf Sfr6**»J:D»f 
ft* lllEU:©7a$T»fc!), Zimfca, b, c, X, 



(5) 
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Y, a, 0, ZMyiiv 0<a^0. 4 5, O^b^ 
0. 2, 0. l^c^O. 24, O^X^O. 1 > 0. 
02^Y^0. 2, O^a^O. 5, O^0<O. 1, 
3. 2^Z^3. 8, 0. 2<y<0. 29£LTM£ 

[0 0 2 4] *£iH(cffi*ttSgIb$& SgMUfcL 

(R,_ a _ b La a Ce b ) c Mg c Ni z _ x _ Y . 
C= (-0. 0 2 5/a) +y 
fiU HufigRti, Y*$«r*±JB7c3RRt;Ca<t»3«:« 

#fr&aiRsn*4>fc< fct i«807c« (fit, l a 

£Ce$Mt<) T, MfBMfi. Fe, Ga, Zn, S 
n , Cu, Si, B , T i, Z r , N b , W, M o , 
V, Cr, Ta, Li, Pfc<fctfS ^5**»«t DSfcf 
n* iaW±O7aRT*0, JS?J±a, b, c, X, 
Y, a, j3, Z&Xfyte, 0<a^0. 4 5, O^b^ 
0. 2, 0. l^c^O. 24, O^X^O. 1, 0. 
02^Y^0. 2, 0^a<0. 5, 0^/3^0. 1, 

(R,. a _ b La a Ce b ) i- c MgcNi z -x-Y 
C= (-0. 0 2 5/a) + y 
fit, ffilBR«» Y*$trft±»7£jRRtfCaJ:t)ft* 
Wfr6«R*n*^ft< fcfc iaS©7tJR (fit, L a 
fcCeWO T' t iteMli, Fe, Ga, Zn, S 
n, Cu, Si, B, Ti, Zr, Nb, W, Mo, 
V, Cr, Ta, Li, PfcitfS ft>5ft*»«fc 
ftS l»M±07eR-e*»), BfiPJta, b, c, X, 
Y, a, 0, ZRtfyte, 0<a^0. 4 5, 0^b< 
0. 2, 0. l^c^O. 24, O^X^O. 1, 0. 
02^Y^0. 2, O^a^O. 5, 0^/3^0. 1, 
3. 2^Z^3. 8, 0. 2^y^0. 2 9 tLXM^. 

[0 0 2 9] fufeRtcfi, **!8«^«*©fin^ h 
ft£#litf3£:, Pr, Nd, C aRt>*Y<fc9£3$fr 

[0030] LaOJS^JtaS'O. 45£ig;t3£:, ~ 

^ttattO. l^a^O. 4 5fCf 5 C L<, 
£5 LHEHfiO. 15^a^0. 4 5T'&5„ 
[003 1] CeOH^tbtfO. 2££8*5i:, SW 
fcfSISSffiWnoffl (WAtf, CaCu 5 SilS B B B @3i 

litfS'>t§ 0 C e<DRL=Ptt b ©ctOff* U*EH 
li, 0^b<0. 18T\ £6fc#SU^GHM:0£b 
^0. 13T'S5o 

[0 0 3 2] MgOfmtcli, 0. l^c^O. 24 
<D*5HrtT, frOC = (-0. 0 2 5/a) +y (0. 
2^y^0. 2 9) - (2) * 0 

[0 0 3 3] LafitfO^a^O. 4 5©®5HF«5T'*5 



EHk, Tie-UftS (1) Rtf (2) £$l£-f£ 

[0 0 2 5] 

a _ 0 Mn x Al Y Co a M 0 - (1) 

- (2) 

3. 2^Z^3. 8, 0. 2<y<0. 2 9 1 LZMS. 
[0 0 2 6] 

[0027] coTkiSRK^tt, Tie-mec ( n & 
tf (2) *ss£-rs®a%*-r5*g*^tf, 

[0 0 2 8] 

0 _^Mn x Al Y Co a M <3 ••• (1) 

- (2) 

fffK, Mglimfcc*0. l^fCf-Sk, 7K*cDSS{(±i 
jWBC9»<ft»>, £fc> Mgg?itc*0. 2 4£D 

*3R«««^iaT-rs. MgJgmtc©J:!)#$LME 
Bfi, 0. 1 2^c^0. 2 2tfe5„ 
[0 0 3 4] SIC, 0. l^c^O. 2 4CDtEBft 
T\ frOfujSbfc (2) 5S*SS£"TSL ajfTOa i:M 
gJl^JtcOSSH^to Laffttai:Mg)|?!tc> 
«, HUii*ttSflt9y = 0. 2, ft»y = 0. 2 9, 

an a = o . 45 mmm c = o . 1 rat ntcmtgft 

.fcOJfFSU^GHfi, fl»y = 0. 2, ffl|gy = 0. 2 
9, E*£a = 0. 1, aHa = 0. 4 5, itSSc = 0. 
1 2 «fe tfiSDB c = 0 . 2 2 T'Ht nfctH^ (figgQg 

0. 2, ffiiHy = 0. 29, lia = 0. 15, dDMa 
= 0. 4 5,iffiS£c=0. 1 2to£ZfW.Wc = 0. 2 2 

[0035] *5m%z>it8tig.m9tftmt!ircm%:. rtz 

m. La, C eRtfMgT«fR?nfcAj(S»4>OMg# 
ftikk Rtc^, L a Rtf C e T*1hitl£ft1t1t±m&totp 

dJWi^OL a%C e^7r^RT'S^LTS±S^ 
OfiJSKA^at) *OKff o TMftM g it c AnSftt 
5Ct«rMdlL, fcfc^LaS^Jta^O^a^O. 4 
5T% AOMgH^Jtc^O. l^c<0. 24COI5H 
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±S*S^tfc^T L a <fc 0 &H?¥@;&VhSV> C e Rtf 

jWfaW#&ttSMg**ns^"5fcaTfcsk#*6>n 

5o CCidftttJlkSaWtJKPSWifiLfc (2) a* 
i»£ffiLfco M^Lfc (2) SK*tt*ytt, R 

[0 0 3 6] Mn0M?itX#O. 1 k, 7j<fft 

xoy^^ttf^L^mmit, o^x^o. 0 5T-&3 o 

[0 0 3 7] A 1 <0)smfcY*fflia«HfcSi£-r34)tt 
^©*dfta*fC«J:5t>0"C»5o H?JtY*0. 0 2 

0. 2£j@;i3k, SWk-TSilSgffiEmoffl (m 
«, C a C u 5 S0«S*ifi*#rs*B) tf£»tc#Tffj 
LTMSftMSTTS. .fcDJffSUieHfiO. 0 4 
^Y^O. 1 L^SSBfiO. 06 

^Y^O. 1 4T?*5o 

[0 0 3 8] C oOJl^tka^tuiaiiBHtcM^-rSOti 

C i:fc«fcS^©fjnjbWfc45 k«fc, A 1 jg^Jfc 
Y^0. 0 2^Y^0. 2<DlEBrtk:£5fci&fc:C o£ 

SLV(EH«0£a£0. 3T% * €> LV>«SHtt 
O^a^O. 1 51?$5o 

[0039] Mojs^jtu^o. i*m*.z£. mt 

tZ&£kmm(D® C a C u sI!<D*SJM»j6 

/?^0. 08T-&9, SeicSfgLVlBBfiO^/S^ 
0. 0 5f$5 o 

[0040] m¥ftzzmz9micffifc?zm&%m 

tZo fl§ffl±Z*3. 2*j|S§{Cf3k, MgCu 2 $ii 

< as**, • m&mmvTkmwim • 

ttatttt*HST-rSk#fz:, rjWIJfioiWtsai:*-!' 
?;W(STf5. -7a > flmtZ#3. 8%j8*.§ 
k, CaCu s *iiO«fc3*AB 5 S©tS&B!ifi*W1-5 

SffL^SEfflfi, 3. 2 5^Z^3. 7T-£5o 



[0 0 4 1] *BEfc«***!8URa&tt, M^Lfc- 

ifcs (i) rxs (2) «»£-r«eA«4rr«ffi«£ffi 

fcl/c*&ci:tf»i:U\ "4>Tfe, co-msa (l) 
Rtf (2) *«JEf 5ffllS**rr5ffi{i, *3R*»^& 

&0^fc:te^Tg*S»£i5J&SCktfS$U\, KJ 

^Lfc-iss en atf (2) ^s-rsia^w-fi. 
zkissaaciS'A »ws*<zmst &%^t-4>mm. 

VftRMV'f 5 rt/*f&©fliT*ffl < Stiff* S o #£J£ 
*<O < fc0»$L^I5Htt8 0%J^±T\ J^f^L^ 

[0 0 4 2] M$Lfc-fc£ (1) Rtf (2) 

s»F»j©-&&ffi»c£i&3 (co^aai* l 0 0%k 

[0 0 4 3] MiSLfc-IRS (1) Rtf (2) *j»J£-r 
5fflfi2%^rr5*a©«SJI«|jfi«, A7jb b b (fib, C a c 
u 5 SM<) o»JI3Rk:||LTV>*ci:«<a* Lv\ 

is, c e n i 3 mm^. c e 2 n i 7 wm.immz>m 

SkHRBBLXfC e N i aStft&lcSWf 04 
14, C e 2 N i 7 S«JfiMtf t C e 2 N i 7 S*igtS<ttf 

[00 4 4] Ce 2 Ni 7 WM jfifcaffifTSiBfi 

«i£Rt>"C e N i aSft&eSftt-rtttMHfi GMT, 
«fJ^ B B B @3i^^-r) k(4, ttTtWB-T* (a) Sfc 
it (b) 0*ft*SSJS1"5<Sfi«Ji*S?lc'rSo 

[0 0 4 5] <^:ft (a) ^ttHflf/^-yfcSMx* 
±S«:lf-^*i«iEM«lifi©X«|Hiflf/^->f«:Sn*± 
Hfttf-^fcflXTVStlJHIJa. C©J:3=5:^^ b b b« 
igi:LTfi, Mk.{4, Ce 2 N i 7 S*ifit>b<{4C.e N 

tl4^ B B B ®ig^f5Ck^T't3o *T'fe, tuta^m 
tSMifitt, WT© (1) *fc{4 (2) ©*ft*j«|Jg-r 

[00 4 6] (1) CuKa**ffi^SX*E8fK:ft^T3i 
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MtU *oTK (I) £T«3tt*3fiSJttf8 0%«T 
[0 0 4 7] I 3 /I 4 (I) 

{its i 4 {i, CuKattfcffl^sa&atfKfettSfifcai 

mm^ * ( p 4 ) ©su* -p* d , 1 3 tt, Mtex^i 

@SfK43tt«2e^3 1-34° OtHWcStUBlf--* 
(P5) ©®fi-efe£ 0 ftfc, Btorf^vVtitlb** 

[0 0 4 8] (2) CuKo»*MV^X«0SfkH5»ta 2 
9*4 2. 1 + 1* 0«Hrtfc3MW*t>*l^-*sV 

an, *>oz8*i3 i~3 4° ©OTcstnstf-^* 

[0 0 4 9] H2K:zMR»K'&^OX|teIlfr^<*-^«!) 
-m*^?o 02© (a) O0*f'^-ytt, Ce 2 N 

t>©T?a&3<, C©*IR9!BS^{±, 2 0 AM 2. 1 + 1 
' ©iEBi:3 l~3 4° ©SEH^lcig&fcf-i'Ps p 
1 tf 8Ift3o £fcs 2 9^4 2. 1 ± 1° CQiBBfCiflft 
Stf-*P©!ft8**fcWi/\, 0 2© (b) <om9x** 
->tt, MG (2) fCl(iB^bfc^{J^g B B B ffl^±t9tLT 

(b) T?tt» 2 8*4 2. 1±T ©iBBtgt&fi* 
iSl^fcf-^P 2AWU 2 9*3 1-34° ©^BtCSi 
*P3^tt*30fcMftTVS6o 

e-^P3<D&gfi, Miiibfctr-^p losififcjt^ 

TiKV. -7?> 0 2© (c) 0@Sf/^->tt, MIE 

( i ) icmwbtzmimikmziimt LT^&mwm 

£&<Dfc<Z>T?*3o H2©0*f^-y (c) T-f±, 2 
9*42. 1 + 1° ©i!HfC*t3ii**Kv^-^ P 4 
*^tl> 2 0*3 1 -3 4° ©fgBfCfuj£Lfce-^P 

i \cuc<T&mm^->> p 5*ans 8 
[0050] (b) >}§3S«?gi^-e»»$n 

fcW^lHl^^-^fCfc^T, S*«HFSI*jS (0 0 
L) MM (0 0 0) t<D®m I G 00L |©5nf» 

*K^ji»^jftjW^s8**a. fit, L&t>* 

[00 5 1] ffl&LfcMm I G 00L | 14, 0. 3 8 5 n 
m-i~0. 4 1 3 nm-i<DWmftT'&5£ttfW.1zL 
\i\ StifSL^itt, 0. 4nm-'t*^o 
[0 0 5 2] WAtfn* 1 T'&SBf, S*»?fi*fj* 
(0 0L) t, AU( (0 0 0) £Qtm\ Com. 1*5 

[0 0 5 3] C e 2 N i 7 S!©l&il«jt*#r3* 

its (o o D t, «yi (o o o) tcomm I i 
c e n i 3S©^ B B B «ii*w^§7k^iE^^{i, a? 

H«f/^->JC*^T, (0 0L) t. 

(0 0 0) tKDSZm I G 00L I fc23?#f Sffigfc: 
aiiJ«?S^*#ffi-T5o 
[0 0 5 4] tJMEaflMSfi«iS©«f "Pfe, tuiELfc 



(a) Rtf (b) ©8W©*fr*»JE*5fc0*#-*b 
[0 0 5 5] #VT\ *»$£ft3*XgUK^©l , tifi 
[0 0 5 6] a7iciR*f«U ^Stt^B^T, 
L/c (1) SO* (2) £*W£t«ilHJS*"frr*£&'f 

v\ MiSLfc (1) (2) SSSSSI-Sfifig*^ 
A** (CaCu 5 I»<) 0»ft**6ft**B(4, 

n5o J:oT, »5nfcBW«M*w-r*^fe»c» 30 

0 rfiLL Bfcfi*j»©ias-p 0 . 1-500 RID©*)*! 

a*Kffitf t l < {±^stt*H«TT?ffli-r c fc*asn 

U^aagS&iittte9 0 0-1 1 0 0 tOlBB-pfc 

§0 wiB^asfi%9oo c c*jifS{c-r«i:s sss« 

*Jt * & V>fc46(C A B 2 ?ao*Sfi«jfi* WT «*B 4: A B 5 
S©^«ji*-#tSffl*^S£^#-r5Sn*fe5o 
MIBg-attSi&K* 1 lOOt^ii:^ 7kSg«R 

jr^©-®*®* l t £&«rtt*#<tr 5 sn*« 

[0 0 5 7] *KWK«5*jli!BW-&^ttt, C, N, 

#^lwt%WT©l5ia-e-fe5Ci:*»*Lv\ 
[0 0 5 8] *5SWK««Z^dllfiO-«<I"Z»*S7;b* 

[0 0 5 9] C©7/I>*U lit, #fgBJ? 

[0 0 6 0] WT, Effi, ■fe-'^U— ^&tf7;l/*U«B 
[00 6 1] 1) M 

[0 0 6 2] WE7(c«ft-y^l/|»*J4, ffi&«%ls 

[0 0 6 3] tWME*»fb-v^;l/|»*lc*t^T, 8ff* 
E*, ^^K^kn/VI/h (CoOOH) ^wrs 
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[0064] mmmttHtLTit, mzis, r^vuh 
[0065] mim^mmmt lt«, 

u y 7* *;x >=r Lrn&Wf 3 c k tfT * 5 D 

[0 0 6 6] MSEJWtttlSfikLTti* Wittf-y-ir 
;l>> a ^ y l/* * fcli - y $vW6 o S nfc&Hfr 

[006 7] 2) fig 

mttzma l , j: t>*7j< k 1 6 t mm l t 

-So 

[0 0 6 8] M!2££«itiJk LTtt, SaSBEftTSiWUfc 

[0 0 6 9] futa#«#i: LT«. flRfcf, iy^vWR 

[0 0 7 0] ttt£^— X h cfifC, Y 2 0 3 , Er 2 0 31 Y 
b 2 0 3 , Sra 2 0 31 Mn 3 0 4 > L iMn 2 0 4 , Nb 

2 o 5 , sno 2 *2©»bW*wnLT«.ftv\ mst> 
iwk«©aatt, iaat>L<{4 2aaw±fc-rsci: 

TO. 2~5w t %<DmffliC?Z£tt)W£L\,\ 
8?£ L^SBHte 0 . 4~2 w t %©I5HT'$>§ 0 
[0 0 7 1] iw!2*«tt»£i:LTf±, mtf, 

if ©=*7C«R**»f 5 c k tfT* «. 
[0 0 7 2] 3) Wis—* 

[0 0 7 3] 4) 7;l/*U«IB« 

A (NaOH) 7klWkUf">i» (L i OH) 

cD7KSfSx 7j<^t* , ; , 7A (K0H) NaO 
HfcL i OHOB**, KOHfcL i OHOI^E K 
0H£L i 0HkNa0H<Dg^l?«rfflt>5Ci:A^ 
#S. 7;l/*U* 

5 * U -v-^^to-r 5 c i: t «fe 5 7;U* U 



*y;Wk«*, cn*7;l/*U«B«kLTffifflLfc7 

[0 0 7 4] *5SWttR*7;i/*ur:jWlHfio— WT» 
5Rfe^7;l/* U - JWtflS*B 3 (ct^I-o 
[00 7 5] 0 3 iCTjkt «fe 5 K WlSRfWKOSffl 1 ft K 

*ntvs 0 t9iEAffi4ti, ffliE«&$5<DgftJ3(<:£ 

MESS l rtfciB»£ftT^*o f*fc?L6 
3 R»©& □« 7 {i, MfE&§§ 1 0±aWHP»lc 

fE^P«7©iiei:WIB§§g l <D±9BtO»PmeWK 

se«$ ti, we±»hjp»% s # ~> * am 

£ * 0 HuteS§§ 1 1 Wf2MP« 7 ftMIBff;**- y h 8 % 
^tT«*fcHSbT^*. EttU-K9«\ -HKfiW 
I5IE@ 2 ftH^^Mia^PS 7 OTiBfC»itt*n 

TV^So H^^^-riEffiffi? 1 Ott, MfSI^P«7 

±fcM!2ii 6 5 «t 9 ic% *) Wf 6 v^So =r as 

©S^# l l ti, iufB&PS 7 tMEEIBW?- 1 0 T*B 

Jtoff^si 2otuie^p.^m^nsj:5eEfi?n 
Mfa^gg i ©iiijffist;tufa^i§ i <D&BmmzwmLT 

[0 0 7 6] *«WK«*r^Wtffl{4, WaLfeH3 t 

- h ^ ^ ^A-^fflUfSH l, mm LimwTfrii u - 

[0 0 7 7] «±KWUfe*5SWfC««7k3R!SUi^ 
tt> WJEtfc (1) iSRtf (2) S*«J£-r5fflfig%W 
tZfcib. RtzM, La&tfCefr6*Sft±SMi#© 
S^i:M gM^-it c k<DM^gS{kr§ C kA^t 

®s8.t>m"D2-ov>®m&, t%t>*>, (i) 7mt<D% 
stt*Ti-rrT*3R*]»aititt\ (2) 7;b 

7K^coB5ii • mm<o^-( tfrmtffi mcmtu fr-iwrn. 

[0 0 7 8] *58WK«S*iR«M#*K:tei^T, buIH 



-irs (o Rtf (2) *»js-r*fflfiK**-rsffi©ts 

BUBS***!* (C a C u 5 S£iK) (DieS3SK-rs 
c £ £ J; o T, *X9UKft&Q7kXgau« «fc 0 fo±t 

[0 0 7 9] &V>T% *«WK«*/N-rrU >v K*-& 
CO 0 8 0] *«Wt«S/vrru y F#-fi, ftttHl 
flfflE«*M¥^©*Sfc*«rr*. WIS 

Lfcz3flt«*jurr*. 

[0 0 8 1] ccn^ W7'JyKA-" tcti, ft 

[0082] *&9jtcflis«ft@ft*& l 
[0083] *&m£&%*.mm&&fr&tsnm*m 

[0 0 8 4] 

\mmm\ mmm 1 ~ 2 0 a # j*«0« 1 ~ 3 ) 
<*5Rf»ja^©f^t!>TiBa 1 icKtms.ttez, & ? 

3*<y MC9 7 0~1 0 5 0°CT* 5 m?3<Dmm%T)l3 

W5ELfcHlt*ttSlft»y = 0. 2, ft*gy 
= 0. 29, iSD»a = 0. 15, 6ia=0. 4 5, it 
«c = 0. 1 2*<fctfIiD«c = 0. 2 2T?H$nfcfHtt 

[0085] %%ntzimmfe&K^x. Tie 
(a) ~ (o fcs-r*stt*ffiiu 2 1 

[00 8 6] (A) *XgUK^Qtii Attifi 
&7kJgsa8£&l<:o^T, Cu-Ko8*X«ii:fS 

[oo8 7] $^j8<D*X!&ff£&(i, fjfex 

«@JtT'<*->K:*5^T\ 2 0AM 2. 1±1°<D®H 
fc*fcBttffiB^£-»aWU 2 0#3 1-3 4° <D 

*fc»Jftfc Ce 2 Ni 7 Ifi*±fii:t 
5*jR«K^OXliiafiffC^t«2 fl««3 1-34° 



W M 2 0 0 2 - 1 6 4 0 4 5 
1 3©**ffl«fc&tt, X|*|5|#ffcfc^T2eiM2. 

i ± i • ©iEBEgfc&fiarav*i;-*a«sn, 2 

3 1-34° ©(BHtcStlSt?-^A% Ce 2 Ni 7 Sffl 
%±«4:-r*7K3R«W^<OX«illflffCfe*JS 2 0^3 

1-3 4° ©IBHfcSftSfcr-^KJfc^Ttefrofco H 
J&fl&Jl 3©*3RB«*&fc0^t\ fua>Lfc (I) S 

d 3 /i 4 ) -cssnsaifijtsstH-rsi:, 23%-t- 

[00 8 8] ( B ) *3R«ja^O^*BO#&J±* 

st^s cs em) zffi&Lrc &mm®twmcD^Tffi 

[0 0 8 9] (C) *3R!Rja^©W%*3RKia« (H 
/M) 

5?— ( J I S H 7 2 0 1 ) K J: 0 , 6 0°CT* 1 
^]7j<^?Ric» ( J I S H 7 0 0 3 *JR!ftj*&&ffl 

[0090] <wm<DMfriLT>&7mwm^&v>mJii 

1 0 OMMMc:** LTX^-U:/ • T^^xyrfA (S B 

r) *\mw&, xv7tvjmi-hvvi±o. 2mm 

A;I/3K^i/^^;H:;l/P-X0. 2S*as, fry*- 

* «fe wh 5 0 mma^ma u cn e. *m¥T sett 

KiWrU 7 gO*«ia»ft*^trft**fl!«bfe. 
[0091] -£r, -fe^w-^fcLT, 7^U;Hfcb^ 

[0 0 9 2] C©aiSt, 1 6 0 OmAhO^MM 

«fc:Jiig-rsci:fc<t»}*ffi»%^HLfco 
[0 0 9 3] »6tlfe*«»*WfiffiKlRiWUfc», 7 
mol/LOKOH, 0. 5mo 1/LONaOHW 
0. 5mo 1/LOL i 0H*-&ty7;I/*'J W»«2. 

4 lml^aAL, *tP^5ci:fc:«J:D, 1 

6 oomA tit*, kkV4X<omm-v*himzJk 
[0094] 'mnfcmmm 1-20 ms\mm 1 ~ 3 

fz, 1 6 OmAcDW? 1 2^HDfE«1ft, 3 2 0mA(D 
^tt-t^^;i/%SrUT*4[nifTofco 4 5°CO^ 
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6 0 0mA£)iPtT'3£«U ItW&DttME 
frt> 1 0mV{£TLfcB#fC?ttt%f$7-f3-A V££ffl 
V>T3flS**ffl/\ 3 2 00mAO«J[Tt}fil 

SAM. OV{Cft5ST»iWl-r*3tefiWt , 9--l'^l'*l»») 

?g u &wg&t>mm<o 8 o % ici&T? 5 * •eo^w * 



[0 0 9 5] 

«1] 



Uttf 





*a eft 

SB roc 


r 




vLao.25^^.O4^ro.17NaO.54)0.85 w ^0.15 N, 334 A K).1 


0.25 




/I _._r^/»»_ J1 _D- _kJ#4_ _ \ %Ar* M. a i "7- 


0.256 




(^.3^.M Pr 0.3 N ^.36)o.824 M 90J76 Ni 3.3 A k).08 


0.259 




(LaoasC^ 01 Pr 0 15 Nd 04 9)o.83^0.17 Ni 3.32 A! 0.1 


0.241 






0.275 




(I^18 c ^.02 Pr 0.24 N %56)o.865 M 90 135 N| 3 .34^.1^0.004 


0.274 


3*B&»|7 


(Lao 25^0 .03 Pr 0 .15 Nd 0.57)0.84 M 90.16 Ni 3.34Al0.1 


0.26 




(Lao 28Ceo 1 ^0. 15 Nd 0.47>0^46Wg0.154N»3.34Alo.09 


0-243 




(La 0 .3Ce a o4Pr0.2Ndo.48)a83 M g0.1 7^3.34^. 1 Zr 0 .005 


0.253 


*l£w!10 


(^.33 c ^.06 Pr 0.15^0.46)a83^0.17 Nl 3.32COo.OlMn 0 .oiAlo.l 


0.246 




^ t ^.27^^.04^ r 0.19 w 0.5/0.835^0.1^ w, 3.34^.1 WJ 0.02^ r 0.01 


0.257 




(^.25^60^0.38^0.33)0.828^.^ 


0.272 


*»«13 


(La0.41 Ceo.07 p ro. 18^0.34)0.825^0. 175Nb.34Ab.1 Gao.oos'no.aK 


0.236 


Hffi«14 


(^.3^.O4 P "'O.O8 Nd O.48 Y 0.l)0.86 M 90.14 Ni 334Alo. I^.0 1^.002 


0.223 




(La 0i 4 p ro.18^Wo.34Cao.08b.845^0.155 N b.34Alo.lSn 0 oiVo.o^ 


0.218 




(LaQ^Ceo Q4 p f0. 1 5 Nd 0.38 Sm 0.03)o.828 M 90.1 72 Ni 3.34Alo. 1 Uo_01 


0.235 


ftttft17 


(i-ao.4C€0.02 p f0 12 Nd 0.41 Gd 0.05)O82 M 90.18 Ni 3.34 A, 0.1 Si O.O02 


0.243 


£tt0J18 


(Lao i 42Ceo 05 Pro.09^0.38^0^0.a32 M go.168 N b.34A^ 


0.228 






0.236 


Xttfl20 


(^.43C€o.03 Pr 0.15^.32 & 0.07)o.82 R ^.iaNi3.34Alo.lMno.03 


0.238 


tfcMPh 


< La 0.9 Ce 0.01 Pro.o2Ndo.07)o.88 M 9o. 1 2 Ni 3.34Ab. 1 


0.148 


ttttflB 


(Lao5Ce 0 04 Pr 0 15 Nd 0 3 1 ) 0 6 5Mg 0 35Ni 3 34AJo.i 


0.4 




(Laoj25Ce 0>5 Pro.(^o^ 8 Mgo.2Ni2.6e A k).1 5Coo.45Mno.4Feo.02 


0.3 



C009 6] mzi 







(%) 


(H/M) 


MM 

(rnAh) 


mm 








97 


1.05 


1455 


340 


1.22 j 




Ce 2 Ni7S 


98 


1.07 


1460 


380 


1.212 


H16«3 




95 


1.04 


1450 


350 


1.217 


mmm 




97 


1.03 


1465 


345 


1.214 






96 


1.05 


1460 


355 


1.222 


mmm 




93 


106 


1450 


375 


1.225 ; 


»fcfl7 


Ce 2 Nt7£ 


95 


104 


1465 


350 


1.22 




C^Ni/fHBS 


98 


1,01 


1450 


300 


1.218 






96 


1.05 


1465 


375 


1.218 


MM10 




92 


1.04 


1455 


310 


1.215 


sottm 




94 


1.03 


1450 


325 


1.221 




Ce2Nir£ 


96 


1.08 


1460 


330 


1.222 


*tt«13 




97 


1.00 


1445 


335 


1.211 


SKM14 




98 


1.03 


1455 


340 


1.219 


%K0I15 




98 


1.07 


1450 


335 


1.22 


Uttflie 


C62NI7S 


95 


1.04 


1460 


330 


1.215 


*6fi«17 




94 


1.05 


1465 


325 


1.216 


Hft«18 




97 


1.03 


1455 


320 


1.213 


Sftft19 




98 


1.02 


1460 


325 


1.215 


$tt«20 


Ce 2 N}7^ 


98 


1.01 


1450 


305 


1.22 


tu*«i 




88 


0.95 


1445 


270 


1.175 






75 


0.88 


1440 


220 


1.19 




CaCu s S 


65 


0.63 


1250 


70 


1.2 
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ftffl 2 0 0 2 - 1 6 4 0 4 5 



[009 71IK 2fr5W5frft«fc3te, lffliaHRiS 

(i)so' (2) «jtfi-rs»a«rr*«*«rr* 

H»J 1-20 Jrt^fiSJ 1 ~ 3 <D7j<St 

BMte&KJt^T, *r$7MRiR]Rff (H/M) tffif^il 

£tffc*p$. tfc lusflnj i ~ 2 o on^dtifitt, a«i 

Sritfi^J 1 ~3 ©-^«Jfi(Cj±^TlRl±T*t5 C £tf fc> 
[0 0 9 8] 



[0 1 ] *»fllcff«*X!URft&0 L a M?i± a fc M 
g 0 ?Jt c £ <DH&£^-f #140 o 

[0 3] *5^E**z^Wi}l!l©--«*^SMMB^iSJ 
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[03] 
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(12) mWl 2 0 0 2 - 1 6 4 0 4 5 

[13 2] 



* 





ps| 1 

r- -All 


PA 
It 1 


CO 

i^^-iA A — 






P2 


<b> 




PI 

. -A . ^ J (L J 


P 

rX v 


(0) 



0 20 40 60 80 

26 <■ 1 



(51)Int.C1.7 iK9JfE5 FI f-n-V (##) 

H 0 1 M 10/30 B60K 9/00 C 



(72)i§0^# gat 

»«;iijiWBRmwfK«f!KEBir8»ii!! « 



IIJ^SjllEffiS/ll 3TB 4#Htft 

jiCMSI$SJIIEp§n a nJI|3TB4#10^ JK2 

(72)J§0£# Kl? ft* 

JKK»^JIIKiSfi/ll3Ti4#10S 

F 5H028 CC12 EE01 EE05 HH01 

5H050 AA07 AA08 BAH CA03 CB16 
HA02 

5H115 PA15 PG04 PI16 SE06 



